Septic arthritis in distal interphalangeal (DIP) joints sometimes occurs in association with mucous cysts or after the surgical treatment of mallet fingers. Recently, several studies have demonstrated the effectiveness of the Masquelet technique in the treatment of bone defects caused by trauma or infection. However, only few studies have reported the use of this technique for septic arthritis in small joints of the hand, and its effectiveness in treating septic arthritis in DIP joints remains unclear.
Septic arthritis in distal interphalangeal (DIP) joints sometimes occurs in association with mucous cysts or after the surgical treatment of mallet fingers. Recently, several studies have demonstrated the effectiveness of the Masquelet technique in the treatment of bone defects caused by trauma or infection. However, only few studies have reported the use of this technique for septic arthritis in small joints of the hand, and its effectiveness in treating septic arthritis in DIP joints remains unclear. We report the clinical and radiological outcomes of three patients who were treated with the Masquelet technique for septic arthritis in DIP joints. One patient had uncontrolled diabetes and another had rheumatoid arthritis treated with methotrexate and prednisolone. The first surgical stage involved thorough debridement of the infection site, including the middle and distal phalanx. We placed an external fixator from the middle to the distal phalanx and then packed the cavity of the DIP joint with antibiotic cement bead of polymethylmethacrylate (40 g) including 2 g of vancomycin and 200 mg of minocycline. At 4-6 weeks after the first surgical stage, the infection had cleared, and the second surgical stage was performed. The external fixator and cement bead were carefully removed while carefully preserving the surrounding osteo-induced membrane. The membrane was smooth and nonadherent to the cement block. In the second surgical stage, an autogenous bone graft was harvested from the iliac bone and inserted into the joint space, within the membrane. The bone graft, distal phalanx, and middle phalanx were fixed with Kirschner wires and/or a soft wire. Despite the high risk of infection, bone union was achieved in all patients without recurrence of infection. Although the Masquelet technique requires two surgeries, it can lead to favorable clinical and radiological outcomes for infected small joints of the hand. 
Introduction
Septic arthritis in distal interphalangeal (DIP) joints sometimes occurs in association with mucous cysts or after the surgical treatment of mallet fingers. Some studies have shown that external fixation is an effective method for the treatment of septic arthritis in small joints of the hand [1, 2] because wound care can be continued while avoiding fixation at the infection site and enforcing rigid fixation.
Recently, the Masquelet technique has attracted attention for the treatment of bone defects and non-union caused by trauma or infection [3] . This technique comprises a two-stage surgical procedure. In the first surgical stage, radical debridement of necrotic or infected tissue is performed, followed by cement spacer grafting with or without antibiotics. After 4-8 weeks of the first surgery, the cement spacer is removed carefully while leaving the induced membrane intact. In the second surgical stage, a bone graft is implanted inside the membrane.
However, only few studies have reported the appropriate management of septic arthritis in small joints of the hands [4, 5] . Additionally, it is unclear whether the Masquelet technique is effective for treating septic arthritis in DIP joints. Here, we report the clinical and radiological outcomes of three patients who were treated with the Masquelet technique for septic arthritis in DIP joints. All the patients provided signed informed consent for the publication of their cases.
Case reports

Case 1
A 50-year-old woman with untreated diabetes presented a painful DIP joint of the index finger related to Heberden's node and mucous cyst since a few years, and now complained of severe pain, redness, and swelling at the DIP joint that had been discharging pus over the past month. She was referred to our hospital with a diagnosis of septic arthritis.
Initial examination revealed that the patient had swelling and erythema of the DIP joint of the index finger. X-ray revealed narrowing of the DIP joint space with lytic bone lesions surrounding the DIP joint. Magnetic resonance imaging (MRI) revealed joint effusion and bone marrow changes, which were suggestive of osteoarthritis and osteomyelitis in the DIP joint (Fig. 1a) .
In the first surgical stage, the wound, including the infected parts of the middle and distal phalanx, was thoroughly debrided. An external fixator was placed from the middle to the distal phalanx. An antibiotic cement bead of polymethylmethacrylate (40 g) with 2 g of vancomycin and 200 mg of minocycline was packed in the cavity of the DIP joint (Fig. 1b) . Cefazolin was administered intravenously preoperatively and continued for two weeks after the first operation.
Signs of improvement were observed 4 weeks after the first surgery, and swelling and redness of the soft tissues around the DIP joint had reduced. The external fixator and antibiotic spacer were carefully removed without disrupting the surrounding osteoinduced membrane, which was very smooth and nonadherent to the antibiotic cement block (Fig. 1c) . In the second surgical stage, an iliac crest bone autograft was harvested and packed inside the membrane. The autograft, distal phalanx, and middle phalanx were fixed with small Kirschner wires (K-wires) and a soft wire (Fig. 1d) .
At the 3-month follow-up, X-ray revealed bone union and the wires were removed 6 months after the bone graft. At the 1-year follow-up, the patient had no abnormal sensation and demonstrated good range of finger motion except in the fused joint (Fig. 1e) . She was able to return to her original work.
Case 2
A 71-year-old woman underwent K-wire fixation for bony mallet finger in her thumb. She had received methotrexate (8 mg/ week) and prednisolone (5 mg/day) for rheumatoid arthritis (RA). Two months after the surgery, she presented redness and swelling at the interphalangeal (IP) joint with draining pus. Therefore, the patient was referred to our hospital. On initial examination, she had swelling and erythema at the IP joint, and X-ray and MRI revealed osteoarthritis and osteomyelitis around the IP joint (Fig. 2a) . The patient was administered cefazolin, preoperatively, and underwent the two-stage surgical procedure as described for Case 1 (Fig. 2b  and c) . Cefazolin (2 g/day) administration was continued for two weeks.
Bone union was achieved at the 4-month follow-up. At the 1-year follow-up the patient had no abnormal sensation or pain and demonstrated full range of motion in the finger except in the fused joint (Fig. 2d) .
Case 3
A 67-year-old woman underwent open reduction and internal fixation for chronic bony mallet finger in the middle finger. At her first visit to the hospital after surgery, the wound showed signs of infection and her DIP joint was swollen, red, and tender. X-ray and MRI revealed osteoarthritis and osteomyelitis around the DIP joint (Fig. 3a) . We performed the two-stage surgical procedure, similar to that in the previous cases (Fig. 3b and c) . Cefazolin was also administered as the same as others. Bone union was achieved at the 3-month follow-up. The patient had a full range of motion in the finger except in the fused joint, with no pain, at the 1-year follow-up (Fig. 3d) . 
Discussion
In this study, we have reported good clinical and radiological outcomes of treatment using the Masquelet technique with iliac bone autograft for patients with septic arthritis in small joints of the hand. No complications such as non-union, recurrence of infection, or residual pain were observed.
Some methods for treatment of bone loss in the upper and lower extremity include bone grafting using the Masquelet technique, nonvascularized autograft, vascularized autograft, allograft, and distraction osteogenesis. Several studies have revealed good clinical and radiological outcomes for treatment of bone defects in the upper and lower extremities with the Masquelet technique [3, 6] . For reconstruction after septic arthritis, the use of a nonvascularized autograft in a one-stage surgery without the Masquelet technique has risks of recurrent infection and bone graft absorption. Vascularized autograft is one of the recommended methods for reconstruction after infection [7] ; however, this technique requires microsurgery skills.
The use of the Masquelet technique for septic arthritis in DIP joints has several advantages. First, the resolution of infection can be confirmed before the second surgery, therefore, reducing the risk of bone graft absorption. The induced membrane can prevent bone graft resorption by providing it with growth factors and through vascularization and inhibition of soft-tissue interposition [8] . The membrane functions as a barrier that prevents the outward diffusion of growth and osteoinductive factors. The patients in this report had untreated diabetes or RA, which are known risk factors for the development of septic arthritis [9] . Moreover, patients with diabetes or RA also have a higher risk of failure of surgical debridement for septic arthritis [10] . Even in such patients with a high risk of infection, we were able to successfully treat the septic arthritis and achieve bone union without recurrence of infection.
Second, we were able to preserve the finger length by placing a cement spacer in the site of infection till the infection had resolved and then a bone graft. Finger length is important for performing specific functional tasks such as typing [11] . Moreover, because the hand is a visible body part, several patients not only desire a functional hand but also anticipate an appearance that is as normal as possible [12] , thus indicating the importance of finger length in obtaining a normal appearance [13] . For these reasons, the Masquelet technique is the effective method for the treatment of septic arthritis in DIP joints.
This report demonstrated that the Masquelet technique provides reliable outcomes for septic arthritis in DIP joints as well as for long bone osteomyelitis. The patients in this study demonstrated clinical healing and bone union. Although this technique entails two surgeries, it can lead to favorable clinical and radiological outcomes for infected small joints of the hand.
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